Generally, the GCC economies can be adversely affected by low oil prices for at least two reasons:
 First, the GCC economies are highly dependent on oil and gas exports. During 2011-14, hydrocarbon exports represented about 70 percent of exports of goods and services on average (Table 1) . Fiscal dependence on hydrocarbon revenues was even greater, accounting for over 80 percent of total fiscal revenues on average. Over the past decade and a half, the dependence on hydrocarbon fiscal revenues did not decline despite efforts at economic diversification.
 Second, macro-financial linkages in the GCC can amplify the effects of oil price movements over the financial cycle. Oil price movements and government spending policies create feedback loops between asset prices and credit that can lead to the buildup of systemic vulnerabilities in the financial sector. Oil price upturns lead to higher oil revenues, and stronger fiscal and external positions. Equity market returns are larger as investors anticipate the impact of higher oil prices on the corporate sector, and generally stronger government spending growth. In turn, stronger government spending leads to higher non-oil output growth, greater banking sector liquidity and credit growth, higher real estate prices, and stronger bank balance sheets. Asset price appreciation also has positive wealth effects. In the event of an oil price downturn, these developments can reverse. With financial sectors being large in the GCC (Table 2) , and oil prices being highly volatile, the unraveling of systemic financial sector vulnerabilities could have significant adverse effects on the real economy.
As an important reminder, systemic financial sector risks rose in the GCC countries with the oil price upswing in the years before the global financial crisis. An expanding deposit base and high liquidity (owing to high oil prices and short-term capital inflows) resulted in credit and asset-price booms before the global financial crisis. Al-Hassan and others (2010) explain the role of short-term capital inflows and high oil prices in fueling financial sector vulnerabilities in the run up to the global financial crisis. Arvai and others (2014) also discuss the near doubling of private sector credit as a share of non-oil GDP in the GCC during 2003-08 which contributed to systemic vulnerabilities. Bologna and Prasad (2010) document a sharp increase in household leverage between 2004 and 2008 in Oman. Al-Hassan and others (2010 suggest that the bursting of a domestic real estate bubble and tightening global liquidity conditions played a role in the United Arab Emirates' 2009 financial crisis, while defaults in 2008 by two of the largest investment companies in Kuwait imposed strains on the banking system, with the third-largest bank having to be recapitalized. IMF (2010) discusses Qatar's preemptive recapitalization of banks and other measures to support the banking sector in 2009. As the global financial crisis hit, asset prices and credit declined in several GCC countries, although fiscal stimulus and liquidity support helped cushion the impact.
More generally, evidence suggests that oil price performance has been an important driver of business and financial variables in the GCC economies ). First, stronger performance of real and financial variables tends to be associated with oil price upturns. For instance, during 1991-2014, the growth rates of real Oil export revenues as percent of total exports of goods and services (Percent of GDP) government spending and non-oil GDP were much stronger during oil price upturns than during downturns. Second, the timing of downturns in business and financial variables in some cases coincides with that of oil prices. Contractions in credit and equity markets reflected oil price movements, along with global financial market developments and the underlying domestic vulnerabilities. Importantly, contractions in real government spending occurred as often as real oil price downturns in the 1990s, but less so since 2000, likely aided by greater fiscal buffers.
Strong banking sector soundness provides an important buffer in the GCC to the oil price decline since mid-2014. GCC banks have strong capital and liquidity buffers as of end-2014. Capital buffers and provisioning levels were above those in many other commodity exporting countries. NPL ratios are low and both loan loss provisions and profits are strong. In fact, provisions fully cover NPLs, on average. Strong macroeconomic performance helped, so did strengthened regulatory frameworks and improved risk management. However, liquidity conditions have started to tighten more recently. While credit growth has remained robust, deposit growth has slowed, largely as governments and government-related entities have withdrawn deposits from the banking system ( Figure 2 ). Interbank rates have edged higher since the beginning of the summer of 2015. Sources: Haver and IMF staff calculations.
Against this backdrop, this paper addresses three interlinked issues: (i) how oil prices affect NPLs in the GCC; (ii) the links between oil prices and real and financial developments in these countries; and (iii) observed behavior of bank capital and provisioning with respect to indicators of the business and financial cycles. Section II reviews the literature. Section III discusses the strategy of modelling bank asset quality relying on a range of multivariate approaches and of identifying oil-macro-financial linkages relying on a panel vector autoregression (VAR) approach. Section IV discusses the data used while Section V the empirical results. Section VI empirically assesses the observed behavior of bank capital and provisions with respect to indicators of business and financial cycles. Finally, Section VII provides concluding discussions.
II. LITERATURE
Empirical studies on bank asset quality and macro-financial linkages have expanded to include those of the Middle East and North Africa region. In the area of asset quality assessment, Nkusu (2011) (Nkusu (2011), De Bock and Demyantes (2012) , Klein (2013) , Vazquez et al (2012) ). Espinosa and Prasad (2010) study the GCC economies and find a strong, albeit short-lived feedback effect from weaker bank balance sheet conditions to economic activity. Studies applying a panel VAR approach to bank-level data are emerging. Recent studies focusing on the Middle East and North Africa include Love and Ariss (2014) for Egypt and Miyajima (2016) for Saudi Arabia.
III. ECONOMETRIC APPROACHES
This section discusses two related empirical models of oil-macro-financial linkages -a multivariate model of NPL ratios and a panel VAR model -for the GCC economies.
A. A multivariate model of NPL ratios
A multivariate model is used to empirically assess the determinants of NPLs in the GCC. As is common in the literature, the dependent variable, the bank-level NPL ratio, was used after a logit transformation -this makes the NPL ratio a more normally-distributed variable and captures the empirical regularity that the variable tends to vary most for banks that start out with higher starting levels ( Figure 3) . A range of explanatory variables was considered, guided by the discussion in the earlier part of the paper (Real US fed funds rate is de-trended as unitroot tests suggest the variable is not stationary). Dummy variables are introduced to help control for potential country effects as well as time effects not directly related to oil price shocks. As discussed earlier, many of the GCC countries experienced such stress events.
The determinants of the NPL ratio are estimated using the following multivariate panel data specification for bank in year . 
where _ is the logit transformation of the ratio of nonperforming loaks to total loans and the lagged regressor _ , captures its persistence commonly found in the literature. , (j =1) is the real US Fed funds rate.
, represents macroeconomic variables ( = 1, 2, 3) -real growth rates of oil prices, nonoil private sector GDP, and equity prices, lagged by one period. NPL ratios are expected to rise as US interest rates rise and the value of the macro variables declines.
, , is real credit growth ( = 1) lagged by one period. Positive and healthy credit growth would help support economic activity and lead to lower NPL ratios. That being said, in the medium term, higher leverage in the economy could build vulnerabilities. Year and country dummy variables are introduced in the regressions to control for events other than oil price developments that potentially led to an increase in NPL ratios and potential country effects. and , are bank fixed effects and random errors.
Two alternative dynamic panel models were used to check the robustness of the baseline estimates -Fixed Effects (FE) and Least Squares Dummy Variable Correction (LSDVC) (Kiviet, 1995; Bruno, 2005) . The fixed effects model incorporates the data's panel structure but ignores the correlation between the lagged dependent variable and the regression error, thus yielding a downward-biased coefficient estimates for the lagged dependent variable. LSDVC corrects the biased in fixed effects-estimated coefficients, assuming that the independent variables are exogenous (The Anderson and Hsiao approach is used). The lagged dependent variable should lie between OLS and FE. The combination of fixed effects and lagged dependent variables can introduce econometric bias. In particular, OLS estimates of the lagged dependent variable's coefficient in a dynamic panel model are biased due to the correlation between the fixed effects and the lagged dependent variable (Nickell (1981) ). Such bias declines as panel length increases. Moreover, data property can affect different estimators' performance (Flannery et al, 2013) .
B. A panel VAR model of oil-macro-financial linkages
To identify a positive feedback loop between the macroeconomic and bank-level balance sheet variables, a panel vector autoregression (VAR) model, which accounts for bank-level heterogeneity, was estimated. The multivariate model in the previous section considered the uni-directional effects of macroeconomic shocks on the bank NPL ratio. A panel VAR model employed in this section goes one step further and captures the spillback from the bank NPL ratio and other balance sheet variables to the macroeconomy.
where , is a vector of macroeconomic and bank-level variables, is the deterministic component, ( ) is a lag operator and , is the residual. The model was estimated using a panel VAR routine pvar developed by Love and Zicchino (2006) , which exploits a SystemGeneral Method of Moments (GMM) estimator as in Arellano and Bover (1995) . As the fixed effects are correlated with the regressors due to lags of the dependent variables, the mean-differencing procedure commonly used to eliminate fixed effects would create biased coefficients. The orthogonality between transformed variables and lagged regressors is preserved by forward mean-differencing (the Helmert procedure in Arellano and Bover, 1995) , which removes the mean of the future observations. Then, lagged regressors are used as instruments to estimate the coefficients by system GMM. The number of lags is set at two in view of the short time series dimension of the data discussed later (2000-14).
Five macroeconomic and bank level variables were included: macroeconomic variables include real oil price growth and real equity price growth; bank level variables are NPL ratios, real credit growth and real deposit growth for 42 GCC banks for which sufficient time series data are available.
The identification of shocks is based on a Cholesky decomposition where the variables are stacked to explore how macroeconomic shocks affect bank-level variables first, and how the latter affect the former in the second round. In particular, macroeconomic variables {real oil price growth} are stacked at the top. The bank-level variables {NPL ratio, real credit growth, real deposit growth} are stacked below the macro-level variables. Finally, real equity price growth is stacked at the bottom as commonly done in the literature.
IV. DATA
Our empirical analyses rely on macroeconomic and bank-level data which cover the six GCC economies and span 1999-2014 ( Figure 3 ). The bank-level variables include NPLs as a share of total loans (the NPL ratio), real credit growth, and real deposit growth. The analysis incorporates 42 GCC banks for which sufficient time series data are available from Bankscope (Tables 3 and A1 ). These banks represent on average some 70 percent of the individual banking system in terms of the stock of credit. In terms of broad trends, the NPL ratio broadly declined during the sample period, at an accelerating pace during the first half of the 2000s when the oil price strengthened noticeably. The NPL ratio increased in 2009 coinciding with a sharp oil price decline, but due likely also to the realization of domestic vulnerabilities that had built up during the run up to the global financial crisis. The growth rates of credit and deposits appear to broadly mirror movements of oil prices, economic activity and equity prices. The results suggest that some of the macroeconomic and bank level variables are key determinants of NPL ratios in GCC (Table 4) . A number of models were estimated using a system GMM approach. Models 7-12 pass certain statistical tests (Hansen, AR(1) and AR (2)). The NPL ratio exhibits strong persistence. Growth rates of real oil prices and nonoil private sector GDP are significant, suggesting that an increase in oil prices or private sector output leads to a decline in the NPL ratio. The coefficients on real equity prices growth and real credit growth come out with the correct sign but are not statistically significant. Real government spending and real U.S. interest rates do not directly affect NPL ratios in a systematic way (real government spending not shown). The results are subject to some caveats. First, the information content of publicly available bank-level balance sheet data is relatively limited compared with the more granular regulatory data typically used for some other IMF assessments (such as FSAP). Second, any analysis based on historical data might not always account for the effects of recent improvements to risk-management and supervisory frameworks. Third, the data spanning 2000-14 may not capture a sufficient number of oil price and financial cycles. Fourth, as inherent in any econometric analysis, there is parameter uncertainty surrounding the estimated relationship between macroeconomic shocks and NPL ratios.
The empirical results imply that the actual and projected declines in oil prices and slowing of GDP growth could lead to an increase in the NPL ratio ( Figure 5 ). For illustrative purposes, the NPL ratios in 10, 50 and 90 percentiles in 2014 are taken as starting points to which the coefficients obtained from model 8 are applied. Data on actual and projected oil price performance for 2015-20 (see Figure 1 ) suggest that oil prices will, on average, remain 50-60 percent below the 2014 peak in the medium term. Recognizing the degree of uncertainty surrounding the oil price projections and that the risks are tilted to the upside, for this simulation, oil prices are assumed to decline by 50 percent in t = 0, and remain unchanged for three years. Similarly, non-oil GDP growth is assumed to weaken by 3 percentage points. Figure 5 shows that, starting from 0.8 percent, the NPL ratio would rise by 1 percentage point to 1.9 percent in three years. Banks with lower asset quality would witness larger increases. Starting from 2.5 (8.5) percent, the NPL ratio would rise by about Note: The dependent variable is bank-by-bank (logit transformed) NPL ratio for selected GCC banks spanning 2000-2014 (annual frequency). Relying on a system GMM approach, with the collapsing method. The coefficients represent non-liner effect that depends on starting levels. Sandard errors estimated using the Huber-White sandwich estimators. ***, **, and * signify statistical significance at the 1%, 5% and 10% levels. L1 signifies one period lag. AR(1) and AR(2) signify p-values associated with the null hypothesis of lack of first and second order serial correlation. Hansen signifies p-value associated with the null hypothesis that the instruments are exogenous. A model is cosidered to pass tests if pvalues of both AR(2) and Hansen tests are 10% or greater.
3 (10) percentage points to about 6 (19) percent. Nevertheless, their strong capital buffers, profitability, and provisions provide an important source of resilience for GCC banks. 
Robustness checks
The results using alternative approaches support the key findings of our baseline analysis (Table 5 ). The NPL ratio exhibits similar levels of persistence. The coefficients of the lagged dependent variable are in a range of 0.68-0.69 based on the fixed effects model (models 13-17), below 0.68-0.86 estimated using LSDVC (models 18-22). A lower autoregressive coefficient generates a steeper path of a projected NPL ratio in a downside scenario analysis. Growth rates of real oil prices, nonoil private sector GDP and real equity prices remain key determinants of NPL ratios in the GCC economies. The coefficients on real credit growth come out with the correct sign but are not statistically significant. Real government spending (not shown) and real U.S. interest rates do not directly affect NPL ratios in a systematic way.
A. A panel VAR model of oil-macro-financial linkages
The estimated results are summarized as follows. Table 6 presents the estimated coefficients from the system GMM approach in the panel VAR model. The estimated coefficients are often statistically significant. Note: The dependent variable is bank-by-bank (logit transformed) NPL ratio for selected GCC banks spanning 2000-2014 (annual frequency). LSDVC = a bias corrected least squares dummy variable estaimtor (Anderson-Hsiao). The coefficients represent non-liner effect that depends on starting levels. Sandard errors estimated using the Huber-White sandwich estimators. ***, **, and * signify significance at the 1%, 5% and 10% levels. L1 signifies one period lag.
Fixed effects LSDVC Table 6 .
GCC: Estimated Panel VAR Coefficients and T-Statistics
Sources: Bankscope, Haver, and IMF staff calculations.
Note: Estimated using a panel VAR routine with two lags. Annual data spanning 2000-14. Bank level data for NPL ratio, real credit and deposit growth for 42 GCC banks. "L." and "L.2" are lag operator indicating the first and second lag. roilpg is real oil price growth, nplr is NPL to total loans ratio, rcrg real credit growth, rdpg is real deposit growth, reqpg is real equity price growth.
There is strong empirical evidence of feedback loops between oil price movements, bank balance sheets, and asset prices in the GCC (Figure 6 ). Results from a panel VAR model suggest that, first, oil price movements affect bank balance sheets in a significant way. A drop in the growth rate of oil prices results in a rise in the ratio of nonperforming loans (NPL) to gross loans, and a reduction in the real growth rates of bank credit and deposits (Figure 1) . A 1 percent decline in oil prices leads to a 0.2-0.3 percentage point decline in real credit growth and a 0.1-0.2 percentage point decline in real deposit growth-with timing varying from immediate to 2-3 year lags. The NPL ratio would increase by about 0.1 percentage point in the long run. There is also a feedback effect within bank balance sheets, as a higher NPL ratio leads to lower real bank credit and deposit growth-as solvency risk rises, banks reduce lending to boost capital adequacy ratios, while the customers lose confidence in the banks, and vice versa. These results are consistent with other studies on the GCC economies (see, for instance, Espinoza and Prasad, 2010) . Schiozer and Oliveira (2015) find that during times of high systemic uncertainty, liquidity shocks have asymmetric effects on loan supply. That is, loan supply declines as liquidity falls. However, loan supply does not increase much when liquidity increases because banks tend to hold on to liquidity. Second, equity price developments are a channel for amplification of the bank liquidity feedback loop stemming from an adverse oil price shock. A one percent reduction in oil price growth leads to a 0.8 percent decline in the rate of equity price inflation, which in turn leads to a reduction of bank credit and deposit growth by 0.1 percentage point, further depressing equity price performance.
One counter-intuitive result is that a lower NPL ratio leads to lower equity prices. The transmission in the opposite direction is consistent with the prior. That is, higher equity prices lead to a lower NPL ratio. However, the counter-intuitive outcome broadly disappears when the number of lag is increased from two to three ( Figure A1 ). Note: Estimated using a panel VAR routine with two lags. Annual data spanning 2000-14. Bank level data for NPL ratio, real credit and deposit growth for 42 GCC banks, roilpg is real oil price growth, nplr is NPL to total loans ratio, rcrg real credit growth, rdpg is real deposit growth, reqpg is real equity price growth. 
V. MOVEMENTS IN BANK CAPITAL AND PROVISIONS IN THE GCC
The existence of oil-macro-financial feedback loops suggests greater needs to build buffers in good times in the GCC. The importance of building buffers to cushion against negative shocks has been well documented. Increasing capital and provisions in good times helps enhance the resilience of the financial system and reduce procyclical feedback effects between asset prices and credit. In Saudi Arabia, empirical evidence confirms the view that bank capital and provisioning buffers have been moved counter-cyclically (Abusaaq et al, 2015) . Both the capital and provisioning ratios increase as indicators of business and financial cycles strengthen. Note: ***, **, and * signify statistical significance at the 1 percent, 5 percent, and 10 percent level.
A simple empirical approach is used to shed light on the countercyclical behavior of loan loss provisions and capital ratios in the GCC. Developments in loan loss provisioning and capital adequacy ratios (CAR) are compared to movements in key business and financial cycle indicators, including the credit-to-nonoil GDP gap (estimated as percent deviations from HP trends), real credit growth, and real nonoil GDP growth. The "credit to nonoil GDP gap", defined here as the deviation in the ratio of credit to non-oil GDP from its long run trend, is a key indicator of the financial cycle, but should be complemented by additional indicators and judgment. It replaces the credit-to-GDP gap which is influenced by oil prices and does not provide a robust indicator of financial sector vulnerabilities in the GCC. The empirical literature finds that, currently, it is the single best early-warning indicator of crises, signaling crises five to three years in advance. To help address the well-known end-point issues with HP filters, the gaps for 2000-14 are calculated with two extra years of data, including forecasts through 2015-16. A two-sided approach is used. To account for GCC-specific factors, real oil price growth is also considered. The degree of countercyclical movement is assessed using correlation coefficients between provisions to NPLs or CAR with each of the four business and financial cycle indicators. The latter are lagged by one period (i.e. one year) to help reduce the chance of capturing reverse causality stemming from macro variables. Positive correlation coefficients, when statistically significant, signal the potential that provisions to NPLs and CAR are countercyclical -these ratios increase during good times. This exercise was conducted using country level data and bank level data. There is tentative evidence to suggest these tools have moved countercyclically for some GCC banks (Table 8) . Country-level loan loss provisions to NPL ratios are calculated using bank level data from Bankscope. Bankscope-based country aggregates are consistent with IMF desk data and, importantly, available with longer time series. The sampled banks represent 50-96 percent (an average of 67 percent) of domestic banking systems measured in terms of percent of the stock of credit. This ratio is countercyclical relative to the credit to nonoil GDP gap in Oman, Saudi Arabia, and the United Arab Emirates; and relative to real credit growth in Bahrain and Kuwait. Country-level CARs are assessed based on published country-level financial soundness indicators data. They are countercyclical in Bahrain, Kuwait, and Oman with respect to real growth of credit, nonoil GDP, or oil prices. No systematic linkage was found for Qatar, Saudi Arabia, and the United Arab Emirates. In four instances either provisions to NPL ratios or CARs are found to be procyclical. The results need to be interpreted with caution as the annual data provide a relatively limited number of observations. Additionally, the estimated credit-to-nonoil GDP gap may not represent sufficiently the financial cycle. Table 9 reports the number of banks with statistically significant positive correlation is reported. In Saudi Arabia, provisions to NPLs ratios are countercyclical, in a statistically significant way with respect to the credit-to-nonoil GDP gap for 7 of the 11 banks, consistent with the evidence based on the aggregate data. The CAR is countercyclical with respect to the credit to nonoil GDP gap for 4 banks. In the United Arab Emirates, provisions to NPL ratios are countercyclical with respect to most macroeconomic variables for 3 out of 7 banks. The CAR is countercyclical with respect to real growth rates of credit and nonoil GDP for 2 of the 7 banks analyzed.
VI. CONCLUDING REMARKS
The paper demonstrates the existence of oil-macro-financial linkages in the GCC countries using various quantitative approaches. Generally speaking, the performance of key indicators of business and financial cycles has generally strengthened during oil price upturns. The timing of downturns in those variables has tended to coincide with oil price downturns, even though greater fiscal buffers attenuated the linkage.
These qualitative conclusions are confirmed with quantitative analyses, which were conducted relying on macroeconomic and bank-level data which cover the six GCC economies and span 1999-2014, and two related econometric approaches. The first set of empirical results, using multivariate econometric models, confirmed that oil prices and economic activity tended to significantly affect bank asset quality, and suggested that the actual and projected declines in oil prices and slowing of GDP growth could lead to an increase in the NPL ratio. The second set of empirical results using a panel VAR approach identified feedback loops between oil price movements, bank balance sheets, and asset prices in the GCC. A lower growth rate of oil prices would lead to a rise in the ratio of NPLs to gross loans, and a reduction in the real growth rates of bank credit and deposits. There was also a feedback effect within bank balance sheets, as a higher NPL ratio would lead to lower real bank credit and deposit growth. Equity price performance tended to work as a channel for amplification of the bank liquidity feedback loop stemming from an adverse oil price shock.
In the presence of such oil-macro-financial feedback loops, tentative evidence suggested that banks in the GCC countries tended to set the capital ratio and provisioning for NPLs countercyclically. A simple empirical analysis, using both country-and bank-level data, revealed that loan loss provisions and capital adequacy ratios were positively correlated with indicators of business and financial cycles. In other words, these banks would build up buffers during good times and release them during difficult times. This helped strengthen the resilience of the financial system in the GCC to the oil price decline since mid-2014.
The exposure of the GCC economies and financial sectors to volatile oil prices suggests an important role for countercyclical macroprudential policies to mitigate systemic risks Annex 1. Additional Tables and Figures   Table A1 . GCC Banks Included Econometric Analyses Note: Estimated using a panel VAR routine with three lags. Annual data spanning 2000-14. Bank level data for NPL ratio, real credit and deposit growth for 42 GCC banks, roilpg is real oil price growth, nplr is NPL to total loans ratio, rcrg real credit growth, rdpg is real deposit growth, reqpg is real equity price growth. 
